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Polycyclic aromatic hydrocarbons (PAHs) are chemical compounds ubiquitous in the environment; many of which are known human 
and animal carcinogen. The purpose of this study was to investigate MCF-7 epithelial breast cancer cells’ viability and toxicity 
following a short-term in vitro exposure to a cocktail of PAHs and benzo[a]pyrene (B[a]P) separately in the presence and absence of 
varying concentrations of flavonoid galangin.  It was predicted that presence of galangin will completely or partially block the 
damaging effects of PAHs. It was hypothesized that exposing the cells to 7 µM cocktail of PAHs or 10 µM B[a]P in the presence of 30 
µM galangin would reduce the toxicity and increase the mitochondrial activity of the cells as compared to that in the absence of 
galangin. Experimentation was accomplished by exposing identical samples containing 75,000 MCF-7 cells each for 24 h to exposure 
medium containing 10 µM B[a]P alone, 7 µM cocktail of PAHs alone, various doses (5 µM, 30 µM, 100 µM) of galangin alone, 
mixture of 10 µM B[a]P and the various doses of galangin, and mixture of 7 µM cocktail of PAHs and the various doses of galangin.  
Viability of the sample cells were measured by MTT assays, whereas their toxicity were measured by LDH assays done on spent 
exposure media.  The results are as follows, at significance level (α) = .05, 7 μM cocktail of PAHs in the presence of 100μM galangin 
was found to be highly toxic to the cells after 24 h of exposure.  At α = .05, 7 μM cocktail of PAHs,  7 μM cocktail of PAHs  
concomitant with  5, 30 or 100 μM of galangin, 10 μM B[a]P  concomitant with 100 µM of galangin, and 100 µM of galangin alone 




In today's world, with large share of the global economy centering on industries, manufacturing plants, and transportation, it is no surprise organic 
pollutants are pervasive in the environment.  Among the pollutants are a dominant group of organic compounds composed of at least two fused 
Benzene rings, called polycyclic aromatic hydrocarbons (PAHs).  Figure 1 displays sample representations of PAHs (A. Maigari & M. Maigari, 
2015). They are formed mostly either from incomplete combustion of organic matter or high temperature and pressure processes, and are common 
byproducts of combustion processes as well (Menzie, 1992).  Figure 2 provides the overall summary of the sources of PAHs in the environment 
(Abdel-Shafya & Mansour, 2016). 
Of the at least 100 known PAHs (Zedeck, 1980), Benzo[a]pyrene (B[a]P), a five-ring PAH, is the most analyzed and has been classified as a 
probable carcinogen (see Figure 3). It is found in fossil fuels, crude oils, shale oils, and coal tars. The major sources of non-occupational exposure 
to B[a]P include tobacco products and grilled foods (HSDB, 2012). An average person in North America is estimated to intake 3.12mg/day – 96.2% 
by food, 1.6% air, 0.2% water, and soil 0.4% (Menzie, 1992).   
PAHs usually penetrate tissues of your body that contain fat and tend to be stored mostly in your kidneys, liver, and mammary glands. PAHs are 
primarily metabolized by the enzymatic systems found in the tissues into many different metabolites, some of which are more harmful. Based on a 
study done on mice by Uno et al. in 2006, it was shown that B[a]P and other PAHs stimulate enzymes that biologically transform the former into 
carcinogenic and mutagenic metabolites which possibly can bind to DNA and proteins in humans. According to Agency for Toxic Substances and 
Disease Registry (ATSDR), several of the PAHs outlined in Figure 3 have caused tumors in laboratory animals from inhalation, consumption, and 
prolonged dermal exposure.  Induction of cancer in the laboratory animals usually occurred at the site of administration of PAHs, although tumors 
can form at other locations as well.  Cancer in humans from exposure to PAHs has generally occurred in lungs and skin following prolonged 
inhalation and dermal exposure, respectively. Studies have shown that pregnant mice exposed to high levels of B[a]P see decline in their 
reproductive capabilities, and their offspring show birth defects and decreased body weight (ATSDR, 1995).   
Bioflavonoids are naturally occurring polyphenolic compounds found in fruits, vegetables, tea, and wine. Galangin (see figure 4), a member of the 
flavonol class of bioflavonoids , is known to be present in high concentrations in medicinal plants like alpinia officinarum (a common Asian spice) 
and helichrysum aureonitens (found in grasslands of South Africa). A gram of galangin is found in about 13.5mg of propolis, an anti-inflammatory 
composite gum produced by honeybees (Quadri et al., 2000). Galangin shows various pharmacological activities such as anti-mutagenic, anti-
clastogenic, anti-oxidative, radical scavenging, metabolic enzyme modulating, and anti-cancer activity (Heo et al., 2001; Cushnie et al., 2007; Patel 
et al., 2012). They have also been shown to possess a variety of biological activities at non-toxic concentrations in organisms (Murray et al., 2006).   
Galangin is one of the active polyphenols found in some varieties of honey like Manuka (Patel & Cichello, 2013), which studies have reported as 
promising remedy in the treatment of various ailments like cardiovascular diseases, inflammation, and bacterial infection (Subramanian et al., 
2017). 
In pre-clinical drug screening process, potential beneficial substances are usually tested against mammalian cell lines to assess any cytotoxic effects 
the compounds exert on the body’s own cells (Barnabe, 2017). A substance is said to be cytotoxic if it interferes with a cell’s ability to attach, 
affects its rate of growth or causes it to die (Bacanli et al., 2017). The cytotoxic effects that a cell culture experiences are commonly expressed 
through cytotoxicity measures obtained through assays, which allow for the quantitative measurement of cell death during cell culture.  Two 
commonly used assays for determining cytotoxicity in vitro  are MTT assay and LDH assay, and they express the cytotoxicity in terms of  cellular 
viability  (through mitochondrial absorbance) and cellular toxicity (through units of cellular LDH enzyme expelled), respectively.  Higher the 
cytotoxicity of the foreign compound, higher are the units of LDH enzyme expelled by the cells and lower are their mitochondrial absorbance.  The 
rationale for measuring direct cytotoxicity is that mechanisms relating to cytotoxicity share some correlation with mechanisms relating to 
mutagenicity, carcinogenicity, and genotoxicity (Johnson et al., 2009).  
Studies have shown that galangin exhibits anti-breast cancer properties in vitro in MCF-7 cells (So et al., 1997). In a study done by Ciolino and Yeh 
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in 1999, the authors determined that galangin was beneficial in preventing the bio-transformation of 7,12,-dimethylbenz(a)anthracene (DMBA), a 
PAH, into genotoxic metabolites that bind to the DNA in MCF-7 breast cancer cells. Cytotoxicity data of galangin and PAHs in the presence of 
galangin across different cell lines are far and few between.   However,  in a very recent study, Bacanli et al. (2017) assessed the cytotoxicity profile 
of galangin alone on healthy V79 - Chinese hamster fibroblast cell line, BT-474 – human mammary carcinoma cell line, and HeLa – the human 
cervix epithelial adenocarcinoma cell line Henrietta Lacks over 18, 24, 48 h incubation periods. For these cell lines, the authors concluded that cell 
viability declines with increasing concentrations of galangin and cell survival rate was much lower after 48h.  Chien et al. (2015) found galangin to 
have some time- and dose-dependent cytotoxic effect on human liver cells (HepG2) and no effect on Chang liver cells. 
This study investigated the viability (mitochondrial activity) and toxicity of MCF-7 epithelial breast cancer cells following a 24 h in vitro exposure 
to a cocktail of PAHs and B[a]P individually, in the presence or absence of various concentrations of galangin.  A 7 µM cocktail of common PAHs 
used in this study was an environmentally and occupationally relevant concentration. Following the 24 h exposure, the resulting toxicity and 
viability of the exposed samples of cells were measured using MTT assay and LDH assay respectively, and their correlation with varying doses of 
galangin were examined. In light of the anti-oxidative, radical scavenging, metabolic enzyme modulating, and anti-cancer activity potential of 
galangin, the purpose of the study was to ascertain if galangin could completely or partially block the damaging effects of PAHs on MCF-7 cells.  If 
it does combat the harmful effects of PAHs, then some varieties of honey like Manuka and India root (Asian spice from the ginger family), which 
have active concentrations of galangin (Patel & Cichello, 2013), could be potential form of shield against the PAHs. It was hypothesized that 
exposing the cells to 7 µM cocktail of PAHs or 10 µM B[a]P in the presence of 30 µM galangin would reduce the toxicity and increase the viability 




The MCF-7 cells were obtained from the ATC collection and had been stored frozen in liquid nitrogen. One vial of these cells was thawed and 
grown to confluence in a T-25 cm2 tissue culture flask that had been especially treated for cell growth. Once the cells reached confluence, they were 
passaged again using a mixture of trypsin/EDTA and added to a T-75cm2 tissue culture flask. The cells were grown in 100ml of medium that 
contained 300 mg of glucose, 1% of non-essential amino acids, vitamins, minerals, 1% antibiotic/anti-mycotic, 10% fetal bovine serum, and 1mg of 
insulin.  When the cells reached confluence they were passaged, counted, and 75K cells/well were added to fourteen duplicate exposure wells of a 
sterile 96-well  tissue-culture plate. A total of twenty-eight wells in the 96-well plate were used. 
 The MCF-7 cells in each exposure well were incubated for 48 h in a basal exposure medium containing 300 mg of glucose, 0.5% fetal bovine 
serum, 1% antibiotic/anti-mycotic, 1% non-essential amino acids, and 1mg of insulin. Then they were exposed for 24 h to special additives that 
were added to the basal exposure medium. The additives were 10 µM B[a]P alone, 7 µM cocktail of PAHs alone, various doses - 5, 30, and 100 µM 
- of galangin individually, and 10 µM B[a]P and 7 µM cocktail of PAHs individually concomitant with various doses of galangin.  Of the remaining 
sets,  one set of duplicates were left alone with just basal exposure medium (referred to as control), to one set 1% DMSO were added, and to 
another set 2% Acetonitrile were added.  After 24 h, MTT assays were performed on the attached cells in the wells, while LDH assays were 
performed on the spent exposure media. 
The 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay is a colorimetric procedure to determine if a cell’s mitochondria is 
able to metabolize and reduce the reagent diphenyl tetrazolium bromide. Healthy cells will reduce the reagent, a yellow tetrazole, to purple 
formazan in the mitochondria over a two hour time-period. The cells are then exposed for 10 minutes to an acidic alcohol solution, DMSO, during 
which different intensities of purple become visible. The purple formazan is detected using spectrophotometer at 570nm wavelength (with 680nm 
wavelength as reference), and the reading obtained is the absorbance. 
The lactate dehydrogenase (LDH) assay is a colorimetric procedure that measures intra-cellular stress based upon color changes during the assay. 
Bio-chemical stress will induce cells to produce LDH, a soluble yet stable cytoplasmic enzyme, which leaks across the cell membrane, as the latter 
is compromised or damaged, into the exposure medium. For the assay a substrate was made from a medium containing phosphate buffered saline, 
NAD, sodium pyruvate, and tetrazolium. When the  exposure medium (100µl) is assayed, a biochemical chain reaction occurs. NAD is reduced to 
NADH, which causes LDH to become catalyzed into pyruvate. The catalyst diaphorase uses the NADH to reduce tetrazolium salt to a red formazan 
product that is by a spectrophotometer at 490nm wavelength (with 680nm wavelength as reference) and the reading obtained is the absorbance. The 
absorbance is changed to units of LDH enzyme by using the absorbance from a sample containing specific units of LDH enzyme. In this study the 
absorbance were translated @ 0.011384 units of LDH enzyme per unit of absorbance. Samples containing high levels of LDH are dark red in color.  
Statistical analyses were performed using Prism 3.02 software (Graphpad Inc., San Diego, CA). Differences between group mean values were 
determined by a one-factor analysis of variance (ANOVA), followed by Tukey post-hoc analysis for pair wise comparison of means. 
Experimental Design 
Independent variable: Exposure basal medium with varying additives as outlined below 
Dependent variables: Toxicity expressed in units of LDH enzyme from LDH assay, cell viability expressed as absorbance from MTT assay.  MTT 
Absorbance expressed is net of blanks.  
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Constants: Exposure media base, temperature at which exposure occurs, exposure time, cell count in each exposure well, spectrophotometer 
measurement wavelength and reference wavelength set for each assay, time-period for which cells in each exposure well were seeded.   
Notes: Ctrl stands for control exposure medium; Gal stands for galangin; 2% Aceto stands for 2% acetonitrile; µM stands for micro molar; 1% 





Table 1 displays the units of LDH enzyme in the distinct spent exposure media after the 24 h exposure period, for each trial of the experiment.  
Column chart in Figure 5 plots the mean LDH enzyme units in each spent exposure medium over the four trials of the experiment. In the chart, 
MCF-7 cell samples exposed to only 7 µM PAH cocktail or co-exposed to 7 µM PAH cocktail and 5, 30 or 100 µM of galangin released 
discernably higher units of LDH enzyme compared to the control sample.  Also visible was the decline in the number of units of LDH enzyme 
released when a cell sample was co-exposed to 7 µM PAH cocktail and 5 µM galangin as compared to the cell sample exposed to 7 µM PAH 
cocktail alone. Higher units of LDH enzyme in the exposure medium signify higher intra-cellular stress or toxicity induced in the exposed cells by 
the additives in the basal exposure medium.  There were no discernable differences in the units of LDH enzyme released by the rest of the samples 
compared to the control. 
Table 2 shows the ANOVA summary table for the ANOVA run on the mean units of LDH enzyme across the fourteen distinct spent exposure 
media outlined in Table 1.  The ANOVA test was run with H0: µ1 = µ2 = … = µ14, and Ha: At least one mean is different, at α = 0.05.  The table 
indicates that at least one sample spent exposure medium had a statistically significant different mean number of units of LDH enzyme, as p (< 
0.0001) < α = 0.05.    
Readout 1 (in the appendix) displays confidence intervals of Tukey pairwise comparison of mean units of LDH enzyme in the spent exposure 
media.  The pairwise comparisons were run to find spent exposure media which have mean units of LDH enzyme that are statistically significantly 
different, as the ANOVA test only tells overall that some spent exposure media have mean units of LDH enzyme that are statistically significantly 
different. Contrary to what was gleaned from the chart in figure 5, the Tukey pairwise comparisons only confirm statistically significantly the 
higher toxicity of samples of cells co-exposed to 7 µM PAH cocktail and 100 µM galangin. Also, the decline in the mean number of units of LDH 
enzyme released to the exposure medium by the cell samples co-exposed to 7 µM PAH cocktail and 5 µM of galangin as compared to that released 
by the cell samples exposed to 7 µM PAH cocktail alone was not statistically significant. 
Table 3 displays the absorbance from MTT assay done on the cells attached in the exposure wells for each trial of the experiment.  Figure 6 
displays the mean absorbance of exposed MCF-7 cells in each sample across all the trials.  Higher absorbance indicates higher mitochondrial 
activity (viability) of the cells in the sample, while lower absorbance indicates lower mitochondrial activity.  One can see from the chart that cell 
samples exposed to 7 µM PAH cocktail alone or concomitant with doses of 5, 30 or 100 µM of galangin exhibited very low absorbance compared 
to the sample exposed to the control medium.  Likewise, samples exposed to 100 µM of galangin or 10 µM B[a]P concomitant with 100 µM 
galangin also exhibited considerably reduced absorbance.  The other exposed samples barring the sample exposed to 30 µM galangin also exhibited 
lower absorbance compared to the control sample.   
Table 4 shows the ANOVA summary table for the ANOVA run on the mean absorbance of MCF-7 cell samples exposed to different exposure 
media outlined in Table 3 for 24 h.  The ANOVA test was run with H0: µ1 = µ2 = … = µ14, and Ha: At least one mean is different, at α = 0.05.  The 
table indicates that at least one sample had a statistically significant different mean absorbance, as p (< 0.0001) < α = 0.05.    
Readout 2 (in the appendix) displays confidence intervals of pairwise Tukey comparison of mean absorbance in the exposed cell samples.  The 
pairwise comparisons were run to find samples whose mean absorbance are statistically significantly different, as the ANOVA test only reveals 
overall that some sample mean absorbance are statistically significantly different. Tukey comparison confirms the takeaways from Figure 6 that cell 
samples exposed to 7 µM PAH cocktail alone, 7 µM PAH cocktail concomitant with doses of 5, 30 or 100 µM of galangin, 100 µM of galangin and 




The purpose of this study was to investigate MCF-7 epithelial breast cancer cells’ viability and toxicity following a short-term in vitro exposure to a 
cocktail of PAHs and B[a]P individually in the absence or presence of varying concentrations of galangin.  It was predicted that presence of 
flavonoid galangin will completely or partially block the damaging effects of PAHs. It was hypothesized that exposing the cells to 7 µM cocktail of 
PAHs or 10 µM B[a]P in the presence of 30 µM galangin would reduce the toxicity and increase the viability (mitochondrial activity) of the cells as 
compared to that in the absence of galangin. 7 µM cocktail of PAHs in the presence or absence of 30 µM galangin did not show statistically 
significantly different mean units of LDH enzyme expelled to the exposure medium or mean MTT absorbance (see readout 1 and readout 2 in the 
appendix) compared to the control sample. The same reasoning applied to 10 µM B[a]P in the presence or absence of galangin as well.  Therefore, 
the hypothesis was not supported by the results from the study. 
The cytotoxicity of the MCF-7 cell samples in terms of toxicity expressed via mean units of LDH enzyme in the spent exposure media (as gathered 
from Table 1, Figure 5, and Readout 1) revealed that 7 µM PAH cocktail in the presence of 100 µM galangin was statistically significantly (at α < 
0.05) very toxic compared to all other samples, barring the samples exposed to 7 µM PAH cocktail in the presence of nil or 30 µM galangin. A 
higher number of units of LDH enzyme in the spent exposure medium reflect the higher degree to which the exposure medium has induced toxicity 
in the MCF-7 cells by compromising their cell membranes.   Based on readout 1 in the appendix, the mean units of LDH enzyme released (to the 
exposure medium) by the sample of cells co-exposed to 7 µM PAH cocktail and 100 µM galangin was statistically no different from that released 
by the samples co-exposed to 7 µM PAH cocktail and nil or 30 µM galangin.  However, unlike the mean units of the enzyme released by the 
sample co-exposed to 7 µM PAH cocktail and 100 µM galangin, the mean units of the enzyme released by the samples co-exposed to 7 µM PAH 
cocktail and nil or 30 µM galangin were statistically no different from the units released by the rest of the samples, including the control.  
Therefore, it can be substantiated that 7 µM PAH cocktail in the presence of 100 µM galangin was the only toxic medium, in terms of LDH enzyme 
units released by the cell samples to the exposure media. 
The cytotoxicity of the MCF-7 cell samples in terms of viability expressed via mean MTT absorbance (as gathered from Table 3, Figure 6, and 
Readout 2) reveal that samples exposed to 7 µM PAH cocktail in the presence of 0, 5, 30 or 100 µM galangin, 10 µM B[a]P in the presence of 100 
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µM of galangin, and 100 µM galangin show statistically significant (α < 0.05) reduction in absorbance compared to the control sample.  Lower 
absorbance means lower viability (cellular metabolism or mitochondrial activity) of the cells, while higher absorbance means higher viability.  The 
percentage of viable cells in these samples is nothing but the ratio of absorbance (after netting out the blanks) in a sample with respect to the control 
sample expressed in percent.  Accordingly, the viability of the MCF-7 cell samples exposed to 7 µM PAH cocktail, 7 µM PAH cocktail in the 
presence of 5, 30 or 100 µM galangin, 10 µM B[a]P in the presence of 100 µM galangin, and 100 µM galangin were  44%, 18%, 11%, 4%, 33%, 
and 26% (all rounded to whole) respectively. 
The comparison of results from LDH and MTT assays established that 7 µM PAH cocktail in the presence of 100 µM galangin was highly 
cytotoxic to the MCF-7 cells by completely breaching the integrity of their cell membranes, and by nearly shutting down their mitochondrial 
activity respectively.  It was ascertained that 7 µM PAH cocktail, 7 µM PAH cocktail in the presence of 5 or 30 µM galangin, 10 µM B[a]P in the 
presence of 100 µM galangin, and 100 µM galangin are highly cytotoxic by significantly reducing the mitochondrial activity of the cells, but they 
do not express themselves as cytotoxic by breaching the integrity of the cell membranes. It was established from the study that at lower levels, like 
at 5 µM and 30 µM, there was no statistical evidence that galangin raises or lowers the cytotoxicity of the cells expressed in either manner. 
However, 100 µM of galangin reduces the viability of the cells with no significant impact on their cell membrane integrity.  Both the assays 
presented statistical evidence that 10 µM B[a]P was not cytotoxic, and the presence of 5 µM and 30 µM galangin did not alter the cytotoxicity it 
exerts.  Findings from LDH assays revealed that 7 µM PAH cocktail did not affect the integrity of cell membrane negatively, and that the presence 
of 5 µM and 30 µM of galangin did not alter the toxicity it exerts.  However, MTT assays revealed that 7 µM PAH cocktail reduced the viability of 
the MCF-7 cells as compared to that induced by the control sample medium, but there is no statistical evidence that galangin in lower doses, 5 µM 
and 30 µM, alters the cell viability that the cocktail induces.  These assays provided convincing statistical evidence that presence of 100 µM 
galangin significantly reduced the viability of the cells even further than that induced separately by 7 µM PAH cocktail and 10 µM B[a]P.  There 
was substantial evidence in the study that the presence of 100 µM galangin made 7 µM PAH cocktail to be toxic, causing significant amounts of 
LDH enzyme to be released into the exposure medium.  However, 10 µM B[a]P  in the presence of 100 µM galangin did not show similar effect. 
There are some characteristic conclusions from this study, and there were few studies to which they could be compared to.  The finding that 
galangin at 24 h exposure is cytotoxic in terms of viability of MCF-7 cells at 100 µM and non-cytotoxic in terms of viability and cell membrane 
integrity at doses 5 µM and 30 µM were in line with the observations put forth by the study done by Bacanli et al. (2017). The authors in that study 
concluded using numerous different measurement methods that galangin has no cytotoxic effects on different cell lines under 100 µM 
concentrations.  The finding from this study that 10 µM B[a]P is non-cytotoxic to MCF-7 cells after 24 h exposure departs from the suggestion by 
Zhu et al. (2014) that B[a]P is directly toxic to humans at 5 µM, but more in line with the conclusive  evidence from Uno et al. (2006) that it is the 
B[a]P metabolites that are toxic to humans and not the B[a]P itself .  Table 5 summarizes the results of the study. 
There are a number of sources of error in this study. Most importantly, due to lack of experience, errors could have crept in measurements of 
additives using the pipette, when making the exposure media.  Great care was taken to prevent experimentation errors; however human error is 
almost certainly present in a minor degree.  
The dose- and time- dependent effects of  galangin co-exposed with PAH cocktail or B[a]P on MCF-7 cells could not be established in our study as 
the doses of galangin were limited just to 5, 30, and 100 µM and the time-duration of the exposures were set to 24 h.  To establish a dose- and time- 
dependent profile of galangin, future studies should be done with doses of galangin ranging from 0 to 100 µM in increments of 2.5 µM and with 
time-duration of the exposures ranging from 24 h through 168 h (a week) in increments of 24 h.  These studies could also help establish conclusive 
evidence of time-dependent cytotoxic effects of 10 µM B[a]P on the cells.  In addition, the study could possibly be expanded by varying the levels 
of B[a]P and PAH cocktail as well as by pre-exposing the cells to galangin before exposing them to the PAHs. Further research could include doing 
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Figure 3. Carcinogenicity of several individual PAHs (Lee & Vu, 2010) 
DHHS – Departmental human and health services, USA; 
 EPA – Environmental protection agency, USA; 
IARC – International agency for research on cancer, France;  
 
 
Figure 4. Chemical structure of galangin 
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Table 1. Units of LDH enzyme from LDH assay done on the spent exposure medium 
Doses Added to the 
Basal Exposure 
Medium  
Units of LDH Enzyme 
Trail 1 Trial 2 Trial 3 Trial 4 Mean 
Ctrl 0.00234 0.00243 0.00246 0.00294 0.00254 
1% DMSO 0.00197 0.00266 0.00221 0.00242 0.00232 
2% Aceto 0.00309 0.00408 0.00279 0.00305 0.00325 
5µM Gal 0.00255 0.00251 0.00234 0.00315 0.00264 
30µM Gal 0.00193 0.00200 0.00160 0.00190 0.00186 
100µM Gal 0.00094 0.00252 0.00216 0.00250 0.00203 
10µM BaP 0.00247 0.00250 0.00288 0.00120 0.00226 
10µM BaP+5µM Gal 0.00217 0.00249 0.00155 0.00248 0.00217 
10µM BaP+30µM Gal 0.00118 0.00195 0.00483 0.00236 0.00258 
10µM BaP+100µM Gal 0.00319 0.00211 0.00513 0.00233 0.00319 
7µM PAH 0.00645 0.00570 0.01186 0.00407 0.00702 
7µM PAH+5µM Gal 0.00675 0.00656 0.00704 0.00318 0.00588 
7µM PAH+30µM Gal 0.02229 0.00548 0.01483 0.00245 0.01127 
7µM PAH+100µM Gal 0.02626 0.02056 0.01539 0.00290 0.01628 
 
Table 1 displays the units of LDH 
enzyme in the spent exposure medium, 
categorized by additives to the basal 
exposure medium in the exposure 
wells, for all the trials of the 
experiment.  Higher units indicate 
higher toxicity, while lower units 
indicate lower toxicity.  The control 
exposure medium has no additive and 
therefore, is purely a basal exposure 
medium. 
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Figure 5. Column chart of mean units of LDH enzyme  
 
One-way analysis of variance           
  P value P<0.0001      
  P value summary ***      
  Are means signif. different? (P < 0.05) Yes      
  Number of groups 14      
  F 5.009      
  R squared 0.6079      
        
ANOVA Table SS df MS F(DFn,DFd)   P value 
  Treatment (between columns) 0.0009397 13 0.000072290 F(13,42) = 5.009 P<0.0001 
  Residual (within columns) 0.0006061 42 0.000014430    
  Total 0.001546 55       
 
Table 2 displays the 
ANOVA summary table 
for ANOVA test run on 
the mean units of LDH 
enzyme across 14 
distinct spent exposure 
media outlined in Table 
1.  It can be seen that at 
least one spent exposure 
medium had a 
statistically significant 
different mean units of 
LDH enzyme at α = 
0.05, F(13,42) = 5.009, p 
<0.0001. 
 
Figure 5 displays the 
mean units of LDH 
enzyme in the spent 
exposure medium, 
categorized by 
additives to the basal 
exposure medium in 
the exposure wells, 
across all the trials of 
the experiment.  
Higher units indicate 
higher toxicity, while 
lower units indicate 
lower toxicity.  The 
control exposure 
medium has no 
additive and 
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Table 3. Absorbance of exposed MCF-7 cell samples  
 
 
Figure 6. Column chart of mean absorbance of  MCF-7 cell samples 




Trial 1 Trial 2 Trial 3 Trial 4 Mean 
Ctrl 2.1440 1.9395 1.6870 1.8820 1.9131 
1% DMSO 1.4535 1.6865 1.5205 1.9150 1.6439 
2% Acet 1.8305 2.0270 1.3725 1.9940 1.8060 
5µM Gal 1.7390 1.8145 1.6280 2.1835 1.8413 
30µM Gal 1.6695 2.1045 1.6815 2.4845 1.9850 
100µM Gal 0.3680 0.4180 0.5260 0.6860 0.4995 
10µM BAP 1.1930 1.3185 1.4235 1.7220 1.4143 
10µM BAP + 5µM 
Gal 
1.3875 1.4715 1.6595 1.8650 1.5959 
10µM BAP + 30µM 
Gal 
1.6290 1.4290 0.7115 1.7420 1.3779 
10µM BAP + 100µM 
Gal 
0.8995 0.4205 0.5730 0.6345 0.6319 
7µM PAH 1.8355 0.3945 0.5905 0.5640 0.8461 
7µM PAH + 5µM 
Gal 
0.3050 0.3205 0.3610 0.3715 0.3395 
7µM PAH + 30µM 
Gal 
0.4035 0.1505 0.1855 0.1155 0.2138 
7µM PAH + 100µM 
Gal 
0.2680 0.0000 0.0000 0.0020 0.0675 
 
Table 3 displays the 
absorbance in each 
sample of cells, 
categorized by additives 
to the basal exposure 
medium in the exposure 
wells, for all the trials of 
the experiment.  Higher 
absorbance  indicate 
higher mitochondrial 
activity (viability), while 
lower absorbance indicate 
lower mitochondrial 
activity.  The control 
exposure medium has no 
additive and therefore, is 





Figure 6 displays the 
mean absorbance in 
each sample of cells, 
categorized by 
additives to the basal 
exposure medium in 
the exposure wells, 
across all the trials of 
the experiment.  Higher 
absorbance indicates 
higher mitochondrial 
activity (cell viability), 
while lower units 
indicate lower 
mitochondrial activity.  
The control exposure 
medium has no additive 
and therefore, is purely 
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Table 5. Summary of the cytotoxic effects on MCF-7 cells  
 
 
One-way analysis of variance 
  
          
 P value P<0.0001      
  P value summary ***      
  Are means signif. different? (P < 0.05) Yes      
  Number of groups 14      
  F 21.92      
  R squared 0.8715      
        
ANOVA Table SS df MS F(DFn,DFd)   P value 
  Treatment (between columns) 24.96 13 1.92 F(13,42) = 21.92 P<0.0001 
  Residual (within columns) 3.679 42 0.08761    
  Total 28.64 55       
 
Table 4 shows the ANOVA 
summary table for the 
ANOVA test run on the mean 
absorbance of the samples 
exposed to different exposure 
media outlined in Table 3.  It 
can be seen that at least one 
sample had a statistically 
significant different mean 
absorbance at α = 0.05, 









5µM Gal no no
30µM Gal no no
100µM Gal no yes
10µM BAP no no
10µM BAP + 5µM Gal no no
10µM BAP + 30µM Gal no no
10µM BAP + 100µM Gal no yes
7µM PAH no yes
7µM PAH + 5µM Gal no yes
7µM PAH + 30µM Gal no yes
7µM PAH + 100µM Gal yes yes
Cytotoxicity
Exposure Medium with 
* Toxicity (cell membrane integrity) 
expressed through statistically significant 
LDH enzyme units in the exposure medium. 
** Viability (cellular metabolism or 
mitochondrial activity) expressed through 
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Appendix 
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Readout 2- Tukey pairwise comparisons of mean absorbance across different cell samples at 95% confidence 
 
 
